Objective-To assess the immediate haemodynamic improvement and long term symptomatic benefit of percutaneous mitral balloon valvotomy in patients aged over 70 years. Design-Pre-and postprocedure haemodynamic data and follow up for 1 to 10 years by clinic visit or telephone contact. Setting-Tertiary referral centre in Scotland. Subjects-80 patients age 70 and over who had mitral balloon dilatation: 55 were considered unsuitable for surgical treatment because of frailty or associated disease. In an additional four patients mitral dilatation was not achieved. Main outcome measures-Increase in valve area after balloon dilatation and survival, freedom from valve replacement, and symptom class at follow up. Results-Mean (SD) valve area increased by 89% from 0.84 (0.28) to 1.59 (0.67) cm 2 . There was a low rate of serious complications, with only two patients having long term major sequelae. Of 55 patients unsuitable for surgical treatment, 28 (51%) were alive without valve replacement and with improvement by at least one symptom class at one year, and 14 (25%) at five years. In the 25 patients considered suitable for surgical treatment, 16 (64%) achieved this outcome at one year and nine (36%) at five years. Conclusions-Percutaneous mitral balloon valvotomy is a safe and useful palliative procedure in elderly patients who are unsuitable for surgery. Balloon dilatation should also be used for elderly patients whose valve appears suitable for improvement by commissurotomy, but echo score is an imperfect predictor of haemodynamic improvement. (Heart 2000;83:433-438) 
In 1984 Inoue et al developed the new option of balloon dilatation for the management of mitral stenosis. 1 Balloon dilatation produces a commissurotomy similar to that obtained by surgery 2 but is a percutaneous procedure, using only local anaesthesia. Several large series [3] [4] [5] have shown that balloon dilatation is eVective in providing sustained haemodynamic and symptomatic improvement of patients with severe mitral stenosis, the degree of improvement depending principally on valve anatomy. 4 In patients with pliable valves, randomised trials [6] [7] [8] [9] [10] [11] have shown that mitral balloon valvotomy gives an excellent result equal to that obtained with open or closed surgical valvotomy and benefit is sustained during long term follow up. 12 Less eVective results are obtained in patients with significant degenerative change in the mitral leaflets or subvalvar apparatus. [13] [14] [15] Valve replacement is therefore the optimal choice for patients who have marked mitral valve degenerative change. In Western countries patients now presenting with severe mitral stenosis are not infrequently of advanced age, as acute rheumatic fever has almost disappeared 16 and these elderly patients often have more marked valvar and subvalvar degenerative change and would normally require valve replacement. They are frequently, however, high risk candidates for cardiac surgery. Such patients may be content with a moderate improvement in symptoms if this allows them to regain an independent although restricted lifestyle. For this type of patient, therefore, percutaneous balloon valvotomy might still represent a useful palliative treatment with lower procedural risk. As mitral balloon valvotomy carries some risk to the patient and has an economic cost it would be justified only if significant symptomatic improvement continued for a reasonable length of time. We report our experience of mitral balloon valvotomy in patients aged 70 years and over, who have been followed for one to 10 years.
Methods

PATIENTS
Of 300 patients who had a mitral balloon valvotomy between 1986 and 1996, 80 (27%) were aged 70 years or over. The mean (SD) age of these 80 patients was 75.2 (4.2) years (range 70 to 87). There was a history of rheumatic fever or chorea in 33 (41%). A previous surgical valvotomy had been carried out in 16 (20%) at a mean of 25.3 (7.5) years earlier (range 12 to 40). Patients had been referred from hospitals throughout Scotland. All were born in the United Kingdom. In an additional four patients balloon valvotomy could not be completed, as described below.
In this age group the clinical status of the patients varied greatly. They ranged from the fit elderly to those who were moribund. Fifty five (69%) of these 80 patients were judged unsuitable for cardiac surgery by a cardiac surgeon or referring cardiologist. The principal reason for unsuitability for surgical treatment was additional cardiac disease in five (severe left ventricular impairment and/or ungraftable coronary disease), pulmonary disease in 12, and marked frailty in eight. Thirty patients had medical problems which singly or in combination had resulted in the patient being considered unsuitable for surgery. The medical problems were renal impairment, chronic neurological disability, coexisting cancer, severe arthritis, severe obesity, diabetes, pulmonary or cardiac disease, and moderate frailty. The mean number of additional medical problems in this group was 3.0 (range 1 to 7). Twenty five of the 80 patients had been considered as acceptable for surgery but on echocardiography had a mitral valve judged appropriate for treatment by balloon commissurotomy. The characteristics of the patients in these two groups are given in table 1. The Parsonnet score, a prediction of mortality in the perioperative period, was calculated for each patient. 17 
ECHOCARDIOGRAPHY
Transthoracic cross sectional echocardiography and Doppler/colour imaging were carried out before balloon valvotomy using standard techniques. Degenerative changes at the mitral valve were scored using the echo score developed at the Massachusetts General Hospital. 14 15 Echo scoring was by consensus of two observers and was done prospectively in 59 patients and retrospectively from video recordings in the first 21 patients. The latter 53 patients (66%) also had a transoesophageal echo (TOE) study 21 immediately before the planned procedure. In 17% of these patients left atrial thrombus was detected. The thrombus was within the auricular appendage in five and was a smooth laminar wall thrombus in two. These seven patients proceeded to same day mitral balloon valvotomy. In two patients, thrombus protruding into the left cavity was found and both had a further three month period of intensified anticoagulation before undergoing balloon valvotomy. In one of these two patients the thrombus had disappeared at repeat TOE, and in the other it had regressed and appeared organised. In one additional patient thrombus was situated at the interatrial septum; it persisted after intensive anticoagulation and she was referred for surgery. All of the patients found to have left atrial thrombus had been on warfarin treatment; nine of the 10 were in atrial fibrillation.
MITRAL BALLOON VALVOTOMY
Following local anaesthesia and cannulation of the right femoral artery and vein, all patients had right and left heart pressure recording and oxygen saturation measurement before and after balloon dilatation. Transmitral pressure gradient was measured by planimetry. Valve area was calculated by the Gorlin formula. 18 Cardiac output was measured using assumed oxygen uptake. 19 Coronary angiography was performed in all patients.
In the latter 64 patients, mitral dilatation was carried out using the equipment and technique described by Inoue. 20 In the initial 16 patients, treated before the Inoue balloon was available in Europe, single or double cylindrical balloons were used. We found these two techniques to have the same haemodynamic outcome 21 but there was a shorter procedure time and fewer complications with the Inoue technique. The mean (SD) eVective balloon dilatation area In an additional four patients aged over 70, completed balloon dilatation at the mitral valve was not achieved. In three of the first 16 patients the cylindrical balloons then used could not be made to cross either the atrial septum or the mitral orifice. In one patient hemiplegia developed before Inoue balloon dilatation was complete.
FOLLOW UP Symptom status (New York Heart Association (NYHA) symptom class) after valvotomy was established by clinic visit or telephone contact. Details of valve replacement and deaths were obtained from general practitioners and referring physicians and Health Board mortality records. Follow up was from one to 10 years and was 100% complete.
STATISTICAL ANALYSIS
Results are expressed as mean (SD) unless otherwise stated. Survival curves were made by the Kaplan-Meier method. Comparison of pre-and postdilatation data was by Student's paired t test. Stepwise multiple linear regression analysis was used to assess the importance of sex, age, rhythm, mitral reflux, Parsonnet score, previous valvotomy, eVective balloon area/body surface area, balloon type, commissure calcification, and echo score as predictors of haemodynamic outcome. A probability (p) value of less than 0.05 was considered to be statistically significant.
Results
Percutaneous mitral balloon dilatation was well tolerated, even in the critically ill patients, and no patient died or developed a sustained major arrhythmia, pulmonary oedema, or shock during the procedure or required a vascular repair procedure.
HAEMODYNAMIC CHANGE
The haemodynamic findings before and after balloon dilatation are given in table 2. Overall the mean transmitral gradient was reduced by 52%, cardiac output rose by 27%, and valve area increased by 89%. Postdilatation valve areas greater than 1.50 cm 2 and 1.20 cm 2 were achieved in 40% and 67% of those unsuitable for surgery and in 57% and 80% of those suitable for surgery, respectively. In both groups patients with an echo score ≤ 8 were more likely to achieve these targets. The increase in valve area showed a significant but weak correlation with echo score (r = 0.22, p < 0.05) ( fig  1) . However, on multiple linear regression analysis only echo score (odds ratio 0.81, 95% confidence interval (CI) 0.69 to 0.96) and female sex (odds ratio 0.19, 95% CI 0.04 to 87) were independent predictors of failure to achieve a valve area greater than 1.50 cm 2 (both p < 0.05). Haemodynamic change was similar in the four comorbidity subgroups.
COMPLICATIONS
Sixteen patients (20%) developed an increase in mitral reflux after dilatation. However, immediately after final dilatation reflux became mild in 11, moderate in five, and severe in none. No patient required emergency valve replacement. In 14 patients (18%), oxygen saturation measurement detected a left to right shunt from atrial septal puncture of more than 1.2 to 1 (mean 1.50 (0.39), range 1.2 to 2.7). One patient, treated by the double cylindrical balloon method, developed marked atrial shunting (2.7:1) and later required surgical repair of the atrial septum at the time of valve replacement. Three of the 80 patients showed evidence of systemic embolism. One patient who did not have TOE before balloon valvotomy had a coronary embolus with subsequent mild left ventricular impairment. One patient in whom TOE showed no left atrial thrombus had transient foot ischaemia. A patient with laminar thrombus at TOE had transient diplopia. An additional patient, in whom mitral balloon dilatation was not completed, had protuberant left atrial thrombus, which was erroneously thought to have become organised and adherent at repeat TOE after intensive anticoagulant treatment. This patient developed a severe hemiplegia, giving a total embolism rate of 5%. A small (1 cm) asymptomatic haemopericardium was detected on postvalvotomy echocardiography in one patient. Thus overall, only two of the patients developed a severe persistent complication.
SYMPTOM OUTCOME The Kaplan-Meier survival curves for patients suitable and unsuitable for surgery are shown in fig 2 and are compared to those of age and sex matched cohorts. In such elderly patients one test of benefit is whether the patient is alive, has not undergone or been referred for valve replacement, and remains improved by at least one NYHA symptom class. Figure 2 also shows the survival curves of those achieving this criterion. Of the 55 patients judged unsuitable for surgery this criterion was achieved at one year by just over half the patients (n = 28, 51%), at three years by 20 (37%), at five years by 14 (25%), and at seven years by 10 (18%). In these 55 patients initially judged unacceptable for surgery, five who did not improve with balloon valvotomy and remained very severely disabled were subsequently reconsidered by the cardiac surgeons and accepted for operation. However, operative mortality was 40% and only one patient had an improvement in symptoms, confirming the poor surgical outlook for this type of patient. In the 25 cases considered suitable for surgery, the criterion was reached at one year by 16 (64%) and at three, five, and seven years by 11 (45%), nine (36%), and nine (36%), respectively. After balloon valvotomy, six of these 25 patients had valve replacement: operative mortality was 17% and all the survivors obtained symptomatic benefit.
Symptom class before balloon valvotomy and at 1-2 months, 1, 3, 5, and 7 years afterwards are given in table 3. In both groups there was a progressive loss of symptomatic benefit in survivors but improvement was maintained for several years.
Discussion
Percutaneous mitral balloon valvotomy was well tolerated in this group of elderly, often frail and sometimes very ill patients, and produced haemodynamic improvement. The low rate of complications was similar to that found in younger patients, [3] [4] [5] [6] [7] [8] [9] [10] [11] although the final mitral valve area was smaller than in young patients with pliable valves. The procedure would be justified, however, only if it appeared to oVer a better outcome than continued medical treatment or surgical treatment.
In 94% of the patients there was very severe symptomatic limitation (NYHA class III and IV) despite intensive medical treatment. In these patients medical treatment had been maintained longer than would be usual for younger, more active patients. Continued medical treatment was not an eVective option for these patients: some were bed bound and for many others their cardiac symptoms threatened their independent lifestyle.
Mitral valve replacement in elderly people has a much higher mortality and poorer outcome than in younger patients. Nicolaou and Kinsley 24 had a 23% 30 day mortality in 35 patients aged over 70 undergoing mitral valve replacement. Postoperative complications occurred in 57% and mean hospital stay was 16 days. Nair et al found a 27% perioperative mortality in 26 patients aged over 70, compared with 12% in younger patients 25 : at five years after mitral valve replacement 54% of their elderly patients had died. Edmunds et al had a 90 day mortality of 29% in octogenarians undergoing valve replacement. 26 In a large series of 504 patients aged over 70 who had mitral valve replacement (35% with concomitant coronary bypass grafts and 38% with an additional valve replacement) between 1976 and 1996, Grossi et al reported a hospital mortality of 17%; for mitral valve replacement alone mortality was 13%. 27 Even after surviving mitral valve replacement, patients aged over 70 have about 50% mortality at four to five years after operation 26 28 and the majority remain symptomatic.
Fifty five of our 80 elderly patients were considered to be unsuitable for surgical treatment because of their frailty or additional medical problems. Their Parsonnet score predicted a perioperative mortality of 27%. Many of these 55 patients had degenerative changes at the mitral valve and a high mean echo score of 8.3-mitral balloon dilatation had been undertaken even when the valve anatomy was unattractive for commissurotomy. In these circumstances balloon valvotomy might still be a useful palliative procedure for the inoperable patient, if even a moderate improvement in symptoms was achieved. In this group, 51% were alive and improved by at least one symptom class at one year after the procedure. This 
Values are percentage or (number). MVR, mitral valve replacement; NYHA, New York Heart Association.
benefit decreased with time but lasted a reasonable period, given the age and medical condition of the patients. Iung et al achieved a mitral valve area greater than 1.5 cm 2 in 66% of their 75 patients aged over 70 undergoing mitral balloon valvotomy; four year survival was 59%. 23 Our 25 elderly patients who were suitable for surgery underwent balloon valvotomy because their valve anatomy appeared favourable for commissurotomy or because of their reluctance to undergo operation: only six of the 25 patients had an echo score greater than 8. At one year after balloon valvotomy 64% remained improved by at least one NYHA symptom class, without valve replacement. Six of the 25 patients subsequently had valve replacement, with a perioperative mortality of 17%. These patients, whose mean age was 74, therefore fared moderately well after balloon valvotomy, but significant symptomatic improvement was not achieved in one third at one year. Ideally echocardiography would select accurately those patients who would obtain substantial haemodynamic and symptomatic improvement from balloon dilatation. We found, as have others, that the echo score was an imperfect predictor of increase in valve area. Commissural calcification, which is not included in the echo score, is not uncommon in the elderly and also influences outcome. 28 29 There is a need to improve case selection so that in those patients suitable for surgery one could identify those who would achieve adequate symptomatic improvement by balloon dilatation, while taking account of the more restricted desired lifestyle of the elderly and their higher surgical risk.
Left atrial thrombus was found in 10 of the 54 patients who had TOE immediately before planned balloon valvotomy despite the fact that all were on warfarin treatment. This was a higher incidence than found in younger patients. Mitral balloon dilatation was safely undertaken in those with appendicular or laminar thrombus but any thrombus protruding into the left atrial cavity should be a contraindication to balloon valvotomy.
This study included only patients referred for consideration for mitral balloon valvotomy and does not reflect the characteristics of all patients aged over 70 who have mitral stenosis. Relatively fit patients with markedly degenerate mitral valves may have been referred by their cardiologist direct for cardiac surgery. Other frail patients with severe mitral stenosis who were suYciently controlled on medical treatment may not have been referred for balloon valvotomy.
The report of the Royal College of Physicians of London, Cardiological intervention in elderly patients, 30 stated that "the goals of medical intervention are improvement in function and postponement of disability, so extending the period of active independent life." Percutaneous balloon valvotomy can help to achieve this for many elderly patients with mitral stenosis. In severely symptomatic patients unable to have cardiac surgery, percutaneous balloon valvotomy is virtually always worth attempting if there is any commissural fusion. In elderly patients who are acceptable for operation, the echo score gives an approximate prediction of balloon valvotomy outcome: transoesophageal assessment of commissure fusion and morphology may help to improve assessment. 
IMAGES IN CARDIOLOGY
Exclusion of a pulmonary artery aneurysm using a covered stent A 14 year old boy with multiple branch pulmonary arterial stenoses developed complete occlusion of the left pulmonary artery despite previous surgery. Intraoperative radiofrequency assisted stent angioplasty resulted in successful revascularisation of the left lung but angiography several months later showed a large pear shaped false aneurysm of the left pulmonary artery, measuring 20 × 15 mm (left). Owing to distal pulmonary arterial stenoses, the systolic pressure in the aneurysm was more than half systemic with the potential risk of aneurysmal rupture. Catheter intervention was performed to exclude the aneurysm from the pulmonary circulation and a 17 mm long covered Jostent peripheral stent graft (JoMed International AB, Helsingborg, Sweden) was successfully deployed across the neck of the aneurysm. Angiography following deployment showed complete exclusion of the aneurysm without loss of calibre to the left pulmonary artery (right), but two apical branches to the left lower lobe were also occluded by the covered stent. After catheterisation, the patient had transient haemoptysis and chest radiography changes consistent with infarction of left lower lobe segments. Lung function and gas exchange were not compromised and he was discharged home two days after the procedure on aspirin 75 mg once daily. Seven months after the procedure the patient was well with resolution of chest radiography changes. Large aneurysms of the pulmonary artery are rare but we have demonstrated that they can be successfully treated by a covered stent, thus avoiding surgery, which can be hazardous due to the diYculty in achieving haemostasis deep within the lung parenchyma.
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